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PATENT 



IN THE 



UNITED STATES PATENT AND TRADEMAKK OFFICE 



COMFUn^R CONTROLLED DE^P-SHADOW MASK REMOVAL MACHINE 



CROSS-REFERENCE TO RELATED APPLICATIONS 

™sappHea.io„c.ai™sbenc«ofP.visiona.appUc«ionU.S.S«ia.No.60Mn^^^^^ 
Sep.«ber 20. 2002, en-Wed-Compu.. condoned DcCUp-ShadowMaskRemovalMaohme. 



TECHNICAL FIELD OF THE INVENTION 

,0001, Thep,ese„ti«ventionre.ates.oaCo„«oUedCo.UpseChipCo„nec.io„(C4,»a„ufaoW^ 
aMU,y.oreduc.operaac,».expe«seduringadeUcatema.kr«novaIwaferhand.ingp«cess. 

,0002, Ashadow™as.isa™asUha.is«.i.i^fordisposings— ona.Uoo.subs.««^^^^^ 

Levapc.«o„.D.H„sfaMca«o..es«iconwaf.and™a..ca„,«h..d.^^^^^ 
A.semb,y(Tl^).TheTRAcanbebou„d.oge*=rbyaptaa,i,yofexpandab.ec,,ps.When*,«hp^ 

:ipled.eyp™.deenou^.^.osec.eU,ea.se„b...e.^^^^ 

Shadow becomes adhered ,o a siUcon wafer. Afler d.e process, .he operat r can 
:::iyre™oved,e.e.eUps..bh..e^Sueh,nanua.re.nova,«— y^^^ 
efficiency lim«o,.becausefl«cUpsa«sma,Uimc»...on«neuv.r,andsharp.Assuc^^ 
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,„afficu..»handlea„d.a„possib.,cu,*xougkanopera.o.sc,ea„roo«g.overesuU,ng,na^^ 

.0 «,e op^^s hani m such a simation, U,. operator would have .0 exi. .he clean room «ea . he 
wound, fl^w away «.ecu.g.ov.sa„dpe,formareK,u,.ifloadonprocedureU,re.urubacku>*ecle. 



room. 



,0003, Fu,U.er.i.isbeUevedfl>a.U.ecu„e„.n,anua.n,e.hodyieldsapo.entia...5.o3.0nu,lion-4oUar 
per/year loss in damaged product due .0 "kinking" of masks during the removal pmcess. 
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BACKGROUND OF THE INVENTION 

[00041 Oncetheclipsareremoved.themaskmustbeseparatedfromthewafer. Tlie current method 

for doing so is a manual process m which the operator peels the mask from the wafer by hand. In the 
past the thickness andholedensity in the maskswere not enough to causemuch difficulty inremovmg 

the mask; the operator could manually remove them without much effort. As technology advanced, so 
did the trend to make components smaller and thimier, resulting in a less structurally sound and more 
delicate mask product. Delicate masks carry a greater expense and have proven to be easier to damage 
during the manual removal process. Hie more delicate masks have made the removal operation more 
difficult, creating new problems. Damaged shadow masks can greatly affect production costs due to 
limitedavailabilityortherequirementtohavehighinventories.Itwouldbebeneficialtoautomateboth 

the clip removal and the mask removal process. 
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SUMMARY OF THE INVENTION 

,0005] A„objec.iveofthepresen.mv«ttonis.oau.omateteremovalofte shadow mask fiom toe 
silicon wafer after the metal evaporation process. The heretofore ttilized manual process is repl^ 
with an automated system as described by the present invention that encompasses a new computer 
conttolled de-clip-shadow mask removal machine that overcomes the limitations and problen^ 
associated with .he prior ar. method and systems. This removal machine includes an automated 
computercontrolled,Mlypro^ahlemachinetoremoveretainingclipsandseparateashad„wmask 

ftomsemiconductorwaferafteraspecialmetalevaporationprocess.Using^haninvention.var.ous 
industhes(suchas.hesemiconductorindust,.)couldsi^ftcantlyreducemeamou„tof money lostm 
damagedproduc.s.Wi.hacon,rolledenviromnen,twen,y.fo„r shifts could producecon.i«ent.ht^. 
outputresults. Tire machine indudesadesiputedlocationfortheoperator to place theTTJA-Oncethe 

Tl^ is fuUy nested, stainless steel pushers can remove the clips at the receipt of a command (v,a, for 
example a press of a bufton). The system employs two or three axis of motion to address the mask 
removal issues and accommodates a variety of different wafer sizes by slightly modietog a vacuum 
chuck, a de-clip station and a pro^ described further below. Such wafer sizes range, for example 
from about a 4 inch diameter to about a 12 inch diameter. An advantage to a computer-controUed 
machine willbefl>a.eachactionwillhaveahigherdeg^ofrepeatableprecisio„.Them^hine would 

fi„*ermcreasesafetyandvir«tally.liminatemaskdamage.Oncea^eptableparamet=rsareesta 
andpr„grammed,themachinemaybcintegratedwithexistingsystems.oimp™veoverallproducU«ty. 
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BMEF DESCRIPTION OF THE DRAWINGS 

10006] Fig. 1 is a perspective front right isometric view of the machine according to the present 



invention; 



,00071 Fig. 2 is a perspective rear right isometric view of the machine of Fig 1 accordmg to the 

present invention; 

,00081 Fig. 3 is an exploded left isometric vicv of the de^Up station of Fig. 1 according to the present 

invention; 

[0009] Fig. 3 A is an enlarged view of a portion of the apparatus shown in Fig. 3; 

[0010] Fig. 4 is a perspective left view of a horizontal (wedge) assembly according to the present 

invention; and 

,00111 Fig. 5 is an exploded left isometric view of a vertical sUde assembly according to the present 

invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

10«121 Referring now .o Fig. 1. tee is illustrated a perspecdve front dght iaometrie vie» of a 
con*mercontro.ledde.e.ip-shad„wmas.re»ovalmachine90aceordiBgtothepresentto^^^^^^^ 
rigidframeasse.b.y.O.,withitscleanroon,safe.a„ti-s.a.icESDwheels.0..n,akesthisn,aeh.^ 
s,ableandpo,table.Tl,ede.lipstation200wi.hitsaUgnmentpins201(Fig.3)andalignn,em 

(Fig 3)„^eplaoemen,oftheTKA600consisten,andreliable. Position of the horizontal assemWy 
300issh„«nas an exantpleonlyandmaybeposition^i ■navarie.yof.ocadonssuohasoneitt.ers.de 
of„rbehind.hede.lipstation2M.Thehun.an.macHneinterf^(HMI)mn«ybean.om^r.sueh 
asatouohscrecnmomtor.whichint^.sbe.weenanope.tor(notsho«n)andthen«chine90.-n.e 

p^gram displays graphics. instn.otions. and other information relevant to that particular stage. TT,e 
operator.nayse.ec.anappr„pria.ee„nn„andviaaninputsuchasa'W-onat„uchscreen„ravo,ce 

.co^itionsystemtoadvanee.oanexts,ageofoperation.A,»ick-ooonectairinletadap.erl02,s„se^ 
. supply air to the system. This single air standard 110-wa.l socket plug 103 can be used to sup^y 
power to the entire system 90 or a power source can be self-contained within the system. Further, the 
incoming power source for the machine 90 may vary to suit different plants. 

,00131 Referring now to Fig. 2, there is illustrated a perspecUve rear right isometric view of the 

machine 90. A vacuum gene^tor 105 creates a vacu^n fiom the incoming air source coming through 

to inlet adapter 102 and supplies vacuum to a vacuum chuck 503 (Fig. 5). TTe m^hine 90 u^ 
vacuumtoholdthe wafer 603 (Fig.3)onthevacuumchuck 503 duringrotation.Avacuumsensorl06 

is computer controlled to insure proper pressure is maintained for each type of wafer 603 bemg 

processed. 

,00141 RcferringnowtoFig.3a„dFig.3A,thereisi.lus.ra.edanexplodedleftisometricviewofthe 
de.lipstation200.TheTRA600isplaced„„d»de-cUpstation200andorien.edby.hea!i^entpma 
201 TheTRAisc„mprisedofatopring601 and a bottom cUp 604, be^.een which are disposed a mask 
602'overawafer603. m rings 601 and 604 are held together by clips 605. The alignment slots 202 
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a.,a3ago-no-gogagehelpmg.oinsu«a».*eeUps605arei„«,erigh.orienm.io„fo,remov,^ 

number of acmators 205 (for example, about 2 about 12 and preferably 6), controlled by a valve 2 6, 
push an equal numberofthede^Iipbloeks 203 in an outward direction for removal thereof. Such de- 

clipblocks203includeaslot204.ha.cancomplete.yrenK,ve.hecUp.«056om.here,ainingpms201. 

TT,ecUpshield210preven.s the removed clips 605 ftombeingprojectedoutofthe nest ar^protccting 

flreopera.or.Theclips605cansafelyfalldowntheramps207in.oafunnel208and.oaremovablecUp 

tray 209. 

[00151 Referring now to Fig. 4. there is illustrated a perspective left isomeb^c of the horizontal 
assembly 300. This axis consists of a horizontal slide 302, which propels the de-maskmg wedge 303. 
Thede-masldngwedge303makescon.ac.wi.hthemask602.(Fig.3). The de-masldngwedge303 then 

moves towards the center to dislodge the wafer 603 from the mask 602. Such movements may be 
performed at a plurality of speeds and preferably at a slower speed, lite position of the de-maskmg 
wedge 303 may be programmed and precisely controlled by tiie servomotor 301. 

100161 Referring now to Fig 5. there is illustrated an exploded left isometric view of both the vertical 
assembly 400 and therotation assembly 500. The vertical assembly 400 consistsofaverticalsMe402 

and servomotor 401 mounted underneath the de<lip station 20O to provide controlled vertical motion 
for the v^uum chuck 503. nteo-ring 504 on tite vacuum chuck 503 seals both the mask 602 and tite 

wafer 603 via ti,e vacuum generator 105 (Fig. 2) ttuou^ the vacuum distributor 502. m vertical 
position of the vacuum chuck 503, relative to ttte damasking wedge 303 (Fig. 4) may be programmed 
andpreciselycontroUedbyservomo.or401. The speed a, which ttte rotation assembly 500spmstt.e 
vacuumchuckSOS isprogrammedandpreciselycontrolledby servomotor 501. Tlrepositionalbearmg 

211 (Fig. 3) stabilizes the position of the rotation assembly 500. 
Operational Flow 

,00171 The followingdescribes the operation of the de-mask station, it being understood that the steps 
intire operation may beperformed either in tire pr^ented order or in any outer order accordmgto the 
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^^.^ -*---*cr::ri — ^^^^^^ 

i„surep«.p=rrepea*UC,. Then«hme9 ^^,,^,„pri„,s01 femtebottomnng 

«,„,ase.ona.a,p.pria.ereceived— . ^ ^ ^^^^ 
«04. The machine's computer or conttoller 107 ^isttibutor 502. The 

.^-...oaec.e.eware.0,..^^^^^^^^ 

shown on the display of the HMI 1U4, m y 

A Kri^f descriDtions on the display of the 

,0.3, A.-«»-*'»-°-'°^'^^^rrrp^rse.esofs.ep.«»yno. 
Ul.4«areprese„.ea.o.copera.r«.n«ta„-»^^^^ 

posMon a. a particular speed w,th the assembly ^^^^ ^ ^^^^^ 

static and/or dynannc. for example), usmg a ^,^p<«ia„„ at a particular 

Hori.„talserv„mo.or3.Uan«.cunK>ve.hehonzo„.^=^« J ^^^^^^^^ 

3peed(whichmaybeprogr»med,setby«reop«a.or,..— ^^^^^^^^ 

.ede.ma3.m.wedse303sU.ht.yunder.H— ^^^^^ 
^sp.u.hecompu.erdHvenrotatio„ax.s5..a^P-»'-P^ 

^ operator, static and/or ~^^(,^,,„»,h.pro^*setby«.eopera.or, 
chuckMStoaparticularposmonatapartioularspe 

static and/or dynamic, for example). 

. ifrtasnotcd fliede-maskingwedge303maymove 
,„0,„ Afterpositioningthde.masking«edge303as^^^ 

Lard.hecc„.erof.hemaa.«02a.apartic.arspeed(— ^ 

s.«cand/ordynamic,forexample,Thede-maskmgw^ge^3^-^^^ 

«,3 until it is completely separated from tiie wa er " .j^^eratortothen 
computerorcontiollerl07wUls.opallmotors,nmotion.TheHMI 
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remove the mask 602 from the wafer 603. Following the images and instructions on the display, the 
operatorinitiatestheappropriatecommands,whichsendthede-maskingwedge303bac^ 

retract position. Th. machine's vertical servomotor 401 lowers the vacuum chuck 503 to a vertical 
retract position. The machine's computer or controller 107 will turn off the vacuum generator 105 to 
enable the operator to remove the wafer 603 and the bottom ring 604 from the de-clip station 200. 
Speeds for initial and retract positions mayvary. Hie HMI104 will prompt the operator to change the 

mask type, re-run the same mask type, or to completely end the cycle. 

[0020] As a summary, the computer controlled de-clips-shadow mask removal machine of the present 
invention may comprise at least one of the following elements that may perform at least one of a 
following functions: 



1. 
2. 
3. 

4. 
5. 



a rigid frame constructed of welded fabrication and/or structural metal extrusion. 

a computer or controller to control the de-cUp action and de-masking process. 

the computer or controller may store appropriate programmable speeds and position settings to 

accommodate various mask types, into separate subprogram(s) or receipt(s). 
atouch screen orpushbuttonHMI with graphicand/or text displayto interact with operatorCs). 

the computer or controller may store the speeds and position settings to accommodate various 
the mask types, into separate the subprograms or recipes. 
6. the de-clip station comprising at least one of a following elements from a group consisting of: 
at least one aligmnent pin and aligmnent slot for reliable removal of cUps; 
a nesting area to secvu« a bottom ring; 

computer controlledactuators(pneumatic,electro-pneumaticorelectronic)toproper de- 
clip blocks to remove the clips; 

the program to activate the computer controlled actuators to remove the clips; 

a cUp shield to contain the cUps after propelled from the nest area; 

ramps to guide the clips down fiinnel out of the de-cUp station; and 

a removable tray located under the de-clip station to contain the clips after de-cUp 

sequence. 

7. a vacuum chuck to hold the wafer by vacuum; the system shall regulate range of vacuum 
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be^veen, for example. 30 WHg .0 abou, -60.00 infflg. and preferably about -10in«g «> about -30.00 
in/Hg. 

8 the system may employ three axis of motion to remove the mask from the wafer. 

a vertical axis to raise and lower the vacuum chuck to the programmable 
distance(s) from the wafer, ranging between, for example, -5.00 inches to about 10.00 
inches, andpreferablyabout-1.00 inches to about2.99 inches traveUngatspeedsrangmg 

between, for example, .50 inches per second to about 750.00 inches per second, and 
preferably about 5.00 inches per second to about 300.00 inches per second, best suited 
for safety of the wafer and efficiency for production. 

a rotation axis to spin the vacuum chuck at the programmable speeds ranging 
between, for example, 5.00 rpm to about 5000.00 rpm, and preferably about 25.00 rpm 
to about 2000.00 rpm, best suited to minimize friction force required for the wedge to 
remove the mask and efficiency for production. 

a horizontal axis to move the wedge in a horizontal direction between the mask 
and the wafer to separate the two. while simultaneously spimnng the vacuum chuck; the 
programmable distance(s) from the wafer center, ranging between, for example, 0.005 
inches to about 15.99 inches, and preferably about 0.05 inches to about 8.99 inches 
travelingat speeds rangingbetween, forexample, 1.00 inches per second to about 500.00 
inches per second, and preferably about 10.00 inches per second to about 250.00 inches 
per second, best suited for safety of the wafer and efficiency for production. 

[0020] TheHMI104,mayperformatleastoneofafollowingstepfromagroupconsistingof: (a)shall 
display images and/or instructions to prompt the operator(s) to follow entire sequence easily; (b). the 
interface will prohibit the operator(s) from accessing sensitive data; (c), only certified admimstrators 
will have access to the critical files/recipes and settings and (d) the operator(s) will select the 
subprogram(s)orrecipe(s)for the appropriate the mask type;(e)the try will havearemovabledrawe^ 

for convenient storage of the clips once removed; (f) the vertical programmed positions will keep the 
wedge at a close, yet safe distance from the wafer to keep from inducing a stress that may kmk the 
masks; (g) the vertical positions and speeds will be programmed in the recipes; (h)the rotation speeds 

will be programmed in the recipes; and (i) the horizontal positions and speeds will be programmed m 
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the recipes, which shall be recalled in a program by the program to produce consistent results of high 
productivity in removing the cUps and the mask from the wafer after the metal evaporation process. 

[00211 Although the preferred embodiment has been described in detaiUt should be underst^^^ 
various changes, substitutions and alterations canbemadethereinwithoutdepartingfrom^ 

scope of the invention as defined by the appended claims. 
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